The introduction of procaine amide for the control of cardiac arrhythmias in man has been recent (Mark et al., 1950) . There are relatively few reports at present concerned with it. Those published have dealt chiefly with the use of the preparations of the drug given by intravenous injection and have emphasized its value in arrhythmias of ventricular origin (Mark et al., 1950; Joseph et al., 1951; Garlett et al., 1951; Kinsman et al., 1951; Miller et al., 1951; Kayden et al., 1951; and Stearns and Callahan, 1951) . Thus, it has been stated that procaine amide is of value in ventricular arrhythmias but that its effect " on auricular function appears to be minimal" (Joseph et al., 1951) .
With the advent of the preparation for use by mouth,* a study of the action of orally administered procaine amide upon supraventricular disturbances of the heart beat was undertaken.
MATERIAL AND METHODS
This report is based upon observations of 100 instances of supraventricular arrhythmias or tachycardias which occurred in 83 patients in the Beth Israel Hospital during the past year and a half, admitted because of organic heart disease. None were patients under anmsthesia for surgery. All were between 25 and 75 years of age, the majority being between 40 and 60 years. The sex distribution was approximately equal.
The drug, procaine amide, was given by mouth, and according to the following schedule. A test dose of 250 mg. was followed in one hour by a 1-g. oral dose. Thereafter, 1 g. every four hours was administered. If, after 5 g. ofthe drug had been given, the arrhythmia had not been abolished, the drug schedule was changed to 1 g. every three hours. In all cases the drug was continued until the arrhythmia was abolished or some toxic effect occurred. Following the restoration to sinus rhythm, the dosage was gradually reduced over the course of the succeeding forty-eight hours to 0 5 g. every six hours.
In those subjects in whom the arrhythmia could not be abolished with procaine amide, a course of oral quinidine sulphate, 0-4 g. every two hours was undertaken. The quinidine was also given until the arrhythmia was converted or toxic effects produced.
In several instances following restoration of sinus rhythm by means of procaine amide, the drug was withdrawn, the arrhythmia allowed to recur and procaine amide again administered with restoration of sinus rhythm.
RESULTS
Many supraventricular arrhythmias responded to procaine amide. In these patients, neither the type of heart disease nor the presence of digitalis medication influenced the action of procaine amide significantly. The most important factors were the type and duration of the arrhythmia.
Auricular Fibrillation. The cases of auricular fibrillation have been considered in three groups: (A) those subjects in whom the auricular fibrillation was of less than one week's duration; (B) those in whom the auricular fibrillation was of longer than one week's duration but clearly less than three years; and (C) those in whom auricular fibrillation had been present for three years or longer.
Group Kraemer, 1951; Langendorf, i948; and Kay, 1948) . At that time the patient experienced severe malaise and weakness. There was one instance in which, following the establishment of regular sinus rhythm, a cerebral embolism occurred. Sinus rhythm was restored with quinidine in only one of the patients in whom the arrhythmia could not be abolished with procaine amide.
In a second fibrillation was converted to flutter but sinus rhythm could not be established.
Group C. There were 15 patients in whom auricular fibrillation had been known to be present for three years or longer. Only three could be restored to regular sinus rhythm by use of procaine amide. Each of the three patients in whom restoration of sinus rhythm took' place received 5 g. of the drug within 20 hours. Seven of those who did not respond to procaine amide were given quinidine sulphate by mouth: 0 4 g. every two hours. In none of these was restoration of sinus rhythm accomplished. In this group of patients there were two instances of untoward reactions in the form of severe gastro-intestinal symptoms; nausea, epigastric distress and a sensation of fullness in the throat. Auricular Flutter. Regular sinus rhythm was restored in only one of seven instances of auricular flutter by means of procaine amide. In this patient, when the drug was withdrawn, auricular flutter recurred and sinus rhythm was again restored with procaine amide. The presence of auricular flutter had been recognized for six months and previous attempts at conversion with quinidine sulphate orally had failed. The flutter proved remarkably sensitive to procaine amide, responding to doses of 0 5 g. every four hours, conversion occurring when only 1 5 g. of the drug had been taken. Five of the other patients with auricular flutter were quite resistant to procaine amide. One received 12 g. of the drug within 36 hours. Two of these patients showed severe systemic and gastro-intestinal reactions to the drug. One patient, with multiple pulmonary emboli, expired suddenly while under therapy; it was believed that de'ath was due to a pulmonary embolus and not to the drug.
Quinidine sulphate was without effect in two subjects, but converted the flutter to auricular fibrillation in one other. An effect similar to that which has been observed with quinidine was noted in one patient with auricular flutter after he had received 1 g. of procaine amide; as the flutter rate was slowed from 216 to 188 a one-to-one ventricular response took place. Ventricular complexes at the rapid rate were of the previous supraventricular type. However, over the course of the succeeding hour, they gradually widened to 0-16 sec. without any change in the heart rate.
This stimulation of ventricular tachycardia was due to the drug-induced " bundle branch block"
and disappeared within two hours. Paroxysmal Auricular Tachycardia. There were nine patients with this arrhythmia. All were successfully restored to regular sinus rhythm by means ofprocaine amide. Conversion occurred in all cases when between 3 and 5 g. of the drug had been taken. In four, the drug was withdrawn, the arrhythmia recurred and was again controlled by means of procaine amide. The arrhythmia in one of these patients had previously proved refractory to quinidine. There was only one instance of marked toxicity in this group. Auricular Premature Contractions. In two of three subjects, auricular premature contractions were successfully abolished by the use of procaine amide, in dosages of 1 g. every six hours.
Nodal Tachycardia. There were four patients with nodal tachycardia. All were readily returned to sinus rhythm with procaine amide, one after receiving 3 g. of the drug, and the other two after 4 g. each. No toxic effects were noted.
Others (Garlett et al., 1951; Bernstein et al., 1951; and Schoffer et al., 1951) . A substantial number of these arrhythmias may be converted to regular sinus rhythm. Several factors have been considered in respect to the influence of procaine amide upon these arrhythmias.
Arrhythmias of recent origin, as would be expected, responded most satisfactorily to the drug. However, 10 instances in which withdrawal of the drug resulted in recurrence of the arrhythmia with subsequent restoration of sinus rhythm when the drug was reintroduced, confirm us in the belief At,7 group.bmj.com on October 22, 2017 -Published by http://heart.bmj.com/ Downloaded from 468SCHACK, HOFFMAN, AND VESELL that in the great number of these patients procaine amide was responsible for the restoration of the normal rhythm.
Full digitalization had no significant effect upon the action of the drug. In several patients restoration of sinus rhythm was accomplished both before and after this.
The presence or absence of heart failure did not seem to influence the ability of procaine amide to abolish the arrhythmia. Three patients in frank congestive heart failure were returned to sinus rhythm with procaine amide. In two of these, the return to sinus rhythm was followed by disappearance of the congestive heart failure; the third required digitalization.
There were no cases of acute rheumatic fever in this series. Four of the patients with rheumatic heart disease were suspected of having low grade activity of the rheumatic process. In these patients, procaine amide had the following effect: the arrhythmia was abolished in one; auricular fibrillation was converted to auricular flutter in two; and in the fourth patient (J. G.), toxic effects were produced.
In this series there were arrhythmias that could not be abolished by the use of quinidine sulphate but responded well to procaine amide. The converse was also observed. In most subjects both drugs exhibited similar effects; i.e. regular sinus rhythm was re-established. auricular fibrillation was converted to auricular flutter, or no effect upon the arrhythmia was produced (Schoffer et al., 1951) .
Toxic effects included changes in the cardiogram. These may be most simply described by stating that all complexes of the cardiogram may show distortion under the influence of procaine amide (a more complete report on these findings is in preparation).
Toxic symptoms included epigastric distress, nausea, vomiting, choking sensations, severe malaise, marked diaphoresis, and prostration. Hypotension, which occurs frequently with intravenous administration of the drug, was not observed. However, during the period when large doses were administered, the patients were kept in bed. Therefore, possible postural effects were not observed.
There were eight patients who exhibited the above complaints to a pronounced degree. Less severe symptoms were often present. It should be noted that restoration of sinus rhythm was accomplished in only one patient by continuing procaine amide beyond the toxic effect.
There were two instance of accidents during the course of treatment. One patient sustained a cerebral embolism after auricular fibrillation was converted to regular sinus rhythm. This was the only instance of cerebral embolism in the 44 patients with auricular fibrillation and six with auricular flutter among whom there were over 30 conversions of rhythm. Anticoagulant drugs were not used. The second with auricular flutter and multiple pulmonary infarctions was receiving the drug when he suddenly expired. No statement could be made as to the cardiac rhythm just before death. Another pulmonary embolus may have occurred. Necropsy was not done.
In regard to the patient with complete heart block, we believe that procaine amide should not have been used even though extrasystoles were present. Usurpation, not escape, is the indication for the drug. The A-V node appears to be quite sensitive . It is possible that the node was more readily suppressed than the ectopic ventricular foci. Thus, when the A-V node is performing a vital function, such as emergency pacemaker for the heart, procaine amide should not be used.
A most interesting observation was recently reported in which the auricular arrhythmia proved to be more sensitive to procaine amide than the associated ventricular arrhythmia (Berstein et al., 1951) . In two patients reported, with simultaneous dissociated paroxysmal tachycardia after intravenous procaine amide, the auricular disorder was converted to a sinus rhythm without the conversion of the ventricular. Observations upon one hundred instances of arrhythmia or tachycardia of supraventricular origin occurring in 83 subjects are reported. Arrhythmias included auricular premature contractions, auricular and nodal tachycardia, auricular fibrillation and flutter. The restoration of regular sinus rhythm through the use of orally administered procaine amide has been accomplished in a significant proportion.
The type and duration of heart disease, the presence of congestive heart failure, and the influence of digitalis have all been shown to have little significant effect upon the response of the arrhythmia to procaine amide.
The type and duration of the arrhythmia is felt to be of the greatest importance in influencing the response to procaine amide. Auricular fibrillation and auricular flutter of over three years duration were resistant to the action of procaine amide while nodal rhythms were quite sensitive.
Some auricular arrhythmias that were refractory to quinidine were abolished by procaine amide. The converse was also observed.
Toxic effects of procaine amide noted in this series have included nausea, vomiting, malaise, weakness, marked diaphoresis, and profound prostration. Hypotension has not been noted. Cardiographic changes have been recorded.
It is concluded that orally administered procaine amide is of value in the control of arrhythmias and tachycardias of supraventricular origin.
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